INTRODUCTION
Inflammatory bowel disease (IBD) encompasses two major clinical phenotypes, ulcerative colitis (UC) and Crohn's disease (CD). Both present with chronic inflammation of the intestines that tends to fluctuate over time, with periods of remission alternating with flares of variable severity. Avoidance of clinical relapse and long-term maintenance of remission is of critical importance in IBD, as failure to control inflam matory activity is associated not only with impaired quality of life of patients but also worse long-term outcomes, including increased potential for colonic carcinogenesis [1, 2] . The vital importance of maintaining longitudinal clinical remission emphasizes the need to accurately monitor inflammatory activity in IBD and predict imminent disease flares. Such knowledge would, then, allow for modifications in the treatment strategy, in order to avoid recurrence of overt inflammation. This approach is in line with the recent reappraisal of therapeutic goals in IBD with the introduction of the "treat-to-target" principle [3] . According to the latter concept, clinical remission should be paired with biological and endoscopic evidence of mucosal inflammatory inactivity in IBD patients. Biological inactivity may be indicated by the absence of markers of inflammation in the peripheral blood (ESR, CRP) or feces (calprotectin), whereas mucosal healing is the most accepted endoscopic target. Periodical check for such markers during clinical remission would help to identify those patients in higher risk for recurrence and in need for therapy adjustments. In fact, mucosal healing has emerged as a reliable prognostic marker for disease course [4] , as it is associated with lower 2-year probability for clinical flare in both CD and UC [5] . Nevertheless, repeated colonoscopies are needed to continuously screen patients in remission for the presence of subclinical mucosal inflammation. This may create patient discomfort, increase the risk of procedure-related adverse events, and apply a significant financial burden on the health system. Therefore, discovery of non-invasive biomarkers with high correlation to the presence of mucosal healing would constitute a cost-effective substitute to repeated endoscopies.
In recent years, biomarkers detected in the feces have been proposed as an improved alternative to those measured in the serum for diagnosing residual intestinal inflammation in patients with IBD [6] . The mostly investigated candidate of this category is fecal calprotectin (FC), a calcium and zinc-binding peptide, which originates primarily from neutrophils but also from monocytes [7, 8] . It constitutes almost 60% of the total cytosolic protein content in neutrophils and is released upon their activation [9, 10] . Thus, the presence of elevated FC is an indicator of mucosal neutrophil infiltration and increased shedding to the intestinal lumen [11] . As these events are typical components of IBDassociated intestinal inflammation, measurement of FC may be useful in this setting [12] . We undertook the present study to evaluate the clinical utility of FC measurement in a large IBD cohort, with a regular follow-up. We report that FC values during remission help to identify those patients with a higher risk of relapse. We also demonstrate that the absence of mucosal healing on follow-up endoscopy correlates strongly with higher FC baseline values. We, further, propose cut-off values for both outcomes (i.e. clinical relapse and ongoing endoscopic activity). Finally, we demonstrate that those cut-offs may be significantly lower in patients with post-surgical recurrence of CD in comparison to surgery-free patients.
MATERIALS AND METHODS

Patient population and study outcomes
In this retrospective study, we recovered from the electronic records of our Hospital all FC measurements that were performed between Jan 2014 and Dec 2016 in patients with IBD, who had a regular follow up at our Department. The main aim of our study was to test whether a baseline FC measurement in IBD patients in clinical remission was predictive of clinical relapse in the following 6 mo. Thus, we excluded from analysis those patients with: (1) An established flare of the disease at the time of FC measurement, (2) Loss to follow up within 6 mo from baseline FC measurement, and (3) Insufficient data on file. Disease relapse was defined as: (1) Significant increase in respective clinical activity indices above accepted cut-offs for remission in CD (Harvey-Bradshaw Index ≥ 5) and UC (Simple Colitis Activity Index ≥ 3) and/or (2) stepup in the patient's therapeutic regimen, including surgery for intractable disease-related symptoms. A secondary aim of our study was to examine whether the measured FC value could predict the presence or absence of mucosal healing. The latter was defined as an endoscopic Mayo Score of 0 for UC and the absence of mucosal lesions in the colon and terminal ileum for CD, respectively. All endoscopies were performed in our Dpt. by the same experienced endoscopist (GB) thus ensuring uniformity in mucosal healing assessment. For all study participants, demographic, epidemiologic and clinical data were retrieved from the patient files and entered in an SPSS database.
Fecal calprotectin measurement
Fecal samples were collected by patients at home and were brought on the same day to the Biochemical Laboratory of our Hospital. They were stored in deep freeze (-80 ℃) and were unfrozen and used for testing at most two weeks after initial storage. For calprotectin measurement in our Hospital a commercially available monoclonal enzyme-linked immunosorbent assay (ELISA) kit (EKCAL, Bühlmann, Switzerland) was used according to the manufacturer's instructions. FC levels were expressed as micrograms per gram of feces. The lower limit of detection was at 10 μg/g. Other laboratory markers were routinely done in our Hospital.
Statistical analysis
The SPSS and GraphPad statistical software programs were used for the analysis. Non-parametric tests were used for statistical analysis because of the skewed distribution of FC levels. In particular, comparison between groups was performed by Mann-Whitney (2 groups) or KruskalWallis test (> 2 groups). Values of FC from the same patient were compared by Wilcoxon test. Categorical variables were compared by chisquared test. Spearman's r-test was used to assess correlations of FC with other variables.
Univariable and multivariable Cox regression analysis was performed to evaluate whether FC could serve as independent predictor for disease flare. We accepted the hypothesis that the predictive accuracy of FC for disease flare gradually decreases over time so a 6-mo cut-off time-point was tested as described above. Proportional hazard assumptions of other predictive factors were graphically evaluated using log-minus-log plots. The predictive value of FC was adjusted in multivariable Cox regression for all variables achieving a two-sided P < 0.20 in univariable Cox regression. Hazard ratios (HR) were presented per 100 μg/g increment for FC levels.
Receiver operating characteristic (ROC) curve analysis was used to determine specificity, sensitivity and optimal threshold values of FC. The accuracy of FC was evaluated using the area under the curve (AUC) of the ROC and was defined as follows: poor 0.60.7;
were found to be predictive of relapse within 6 mo [HR for 100 μg/g: 1.21 (95%CI: 1.15-1.28), P < 0.001], along with CRP levels and white blood cell count. Moreover, 3 more variables (age, gender and treatment with "aminosalicylates only" at baseline) exhibited a two-sided P < 0.20 in univariable Cox regression and were thus included in the multivariate analysis (Table 2) . When conducting multivariate analysis to check for possible interactions, it was shown that FC baseline levels remained a strong independent predictor for disease flare [HR for 100μg/g: 1.75 (95%CI: 1.28-2.39), P = 0.001]. WBC count retained marginal predictive significance in the multivariate analysis, whereas CRP did not ( Table 2 ).
In addition, we used receiver operating characteristic (ROC) curve analysis to determine potential cut-off FC values for the prediction of short-term clinical relapse. The optimal threshold value for elevated risk of disease flare in our cohort of IBD patients was found to be 261 μg/g with excellent accuracy (AUC = 0.901, sensitivity 87.2%, specificity 85.3%, P < 0.001) ( Figure 3A and B).
To further validate the significance of FC measurements in discriminating patients with clinical relapse, we compared FC concentrations in 23 individual cases where FC was tested in the same patient before and during disease flare. As shown in Figure 4 , FC values were significantly increased during flare episodes (592.0, 394.25-600.0 vs 160.5, 98.5-265.8, median with IQR, P < 0.001).
Taken together, these results demonstrate that FC measurement in remission may be useful in distinguishing which patients are at higher risk of relapse.
Lower baseline fecal calprotectin values correlate with mucosal healing
We, next, sought to determine whether baseline FC measurement was associated with the presence of endoscopic remission or inflammation upon followup endoscopy. To answer this question, we studied the subgroup of patients (n = 76) that underwent lower gastrointestinal endoscopy within 6 mo of having a FC measurement (mean period between FC measurement and endoscopy was 4.1 mo) ( Figure 5A ). It should be noted that FC was not assessed in the majority (> 90%) of patients at the time of endoscopy. In our study, we found that FC values were significantly lower in those patients that had mucosal healing (69.0 μg/ g, 30.0128.0, median with IQR) as compared with those who had inflammation in endoscopy (481.0, 278.0-600.0, P < 0.001). Similarly, to clinical relapse, we, also, used receiver operating characteristic (ROC) curve analysis, to determine cut-off FC values for predicting mucosal inflammation. The optimal value that was derived from our study was found to be 174 μg/g, which offered excellent accuracy for predicting the presence of mucosal healing [sensitivity 91.9%, specificity 87.2%, (AUC = 0.956, P < 0.001)] ( Figure 5B ). fair 0.70.8; good 0.80.9; excellent 0.91.0. In all cases, an alpha level of < 0.05 was considered to be significant.
RESULTS
Patients
During the 3-year period under review, 300 measurements of FC were sent from IBD patients in our Department. Among those, we identified 208 measurements which were done in 149 (CD = 113, UC = 36, male = 77) IBD patients with a regular follow-up who fulfilled the inclusion criteria. All patients were in clinical remission when FC baseline measurement was performed. Among those, 47 (31.5%) had a clinical relapse within a 6-mo period whereas 102 remained in remission. In addition, 76 patients (CD = 57, UC = 19) underwent endoscopy within the 6-mo period, among whom 39 (CD = 28, UC = 11) demonstrated mucosal healing, as defined in our study protocol.
Increased baseline fecal calprotectin values in patients with inflammatory bowel disease are associated with elevated risk for clinical relapse within 6 mo
Our main aim in the present study was to investigate whether FC measurements during clinical remission could predict which patients were at higher risk for relapse within a 6-mo period. We, therefore, compared the baseline characteristics, including FC values, between patients who had a relapse (n = 47) and those whose disease remained quiescent during the 6-mo period of f-up (n = 102) ( Table 1) . No differences were observed between the two groups regarding their basic demographic or clinical characteristics. In contrast, our analysis clearly showed that patients who relapsed had significantly higher FC values at baseline (481.0 μg/g, 286.0-600.0 vs 89.0, 36.0-180.8, median with IQR, P < 0.001) (Figure 1 ). In addition to FC concentration, total WBC count and serum CRP were also statistically different between patients with or without remission within 6 mo (Table 1) . FC values significantly correlated with baseline measurements of CRP and WBC (data not shown).
We also observed a dose-response effect of FC concentration on the probability for relapse both at 3-as well as at 6-mo post-measurement. Indeed, as shown in Figure 2 , 3.3% and 6.6% patients with a baseline FC concentration of < 250 μg/g relapsed at 3-and 6-mo, respectively, as compared with 25.9% and 63% patients with a baseline value of 250-500 μg/g. Finally, patients with a baseline value greater than 500 μg/g had the highest risk for relapse (40% at 3-mo and 80% at 6-mo, respectively) (P < 0.001 for comparisons at both time points).
To further assess the risk of disease flare according to baseline FC levels, we conducted univariable Cox regression analysis to test baseline variables as predictors for disease relapse. FC levels at baseline Interestingly when we tried to ascertain the significance of baseline CRP in identifying patients with clinical relapse or mucosal inflammation using ROC curve analysis as described above the results were not as satisfying (AUC = 0.695 for clinical relapse and AUC = 0.599 for mucosal inflammation). Nevertheless, we observed that CRP baseline measurements were useful in improving the specificity of predicting clinical relapse as well as mucosal healing in our study group. In particular, when patients apart from a FC baseline value > 261 μg/g had also CRP higher than normal (> 5 mg/L in our laboratory) clinical relapse could be predicted with a specificity of 95.1%. Similarly, in patients with FC values > 174 μg/g and CRP > 5 mg/ dL) identifying the cases with mucosal inflammation could be estimated with a specificity of 100% in our cohort. Thus, CRP measurement may not be very helpful alone in recognizing patients with higher risk for flare. On the other hand, it could be quite useful as a secondary step in reducing false positive cases among those who have already exhibited high FC values, further improving our diagnostic yield of high risk patients.
In our study population, there were also eight patients with CD who developed endoscopic recurrence after right hemicolectomy for L1 disease. We compared this group with 12 surgery-naïve CD patients with ileal disease (L1) who also demonstrated active endoscopic lesions. We found that FC values in the post-surgery group were significantly lower (171.5, 70.8194.5 vs 581.5, 469.0600.0, median with IQR, P < 0.001) ( Figure 6 ).
In all, these results indicate that elevated FC concentrations are indicative of persistent or impending endoscopic inflammation.
DISCUSSION
Several studies have reported strong associations between increased FC values and clinically active CD or UC [13] [14] [15] , as well as a potential for FC measurement to predict clinical relapses [16] [17] [18] and mucosal healing in patients with IBD [19, 20] . Nevertheless, the optimal cutoff values and the particular patient groups that may benefit the most from FC monitoring still remain to be defined. This may be the result of diverse disease characteristics between studies and/or technical considerations regarding FC measurement.
In the present study, we provide evidence that, in IBD patients who are in clinical remission, measurement of the concentration of FC may be used as biological marker for the presence of mucosal inflam mation. Serial FC concentration measurements may be effectively used to predict ensuing clinical relapses and/or the existence or development of endoscopically active disease.
Our findings strongly support the notion that FC concentration is a highly reliable marker of both ongoing clinical activity as well as imminent disease flare in patients with IBD. First, patients with active disease had, as a group, higher FC values that those in remission. Second, more importantly, when paired FC values were tested in individual patients between clinical remission and disease flare, we always observed a clear increase of FC during the latter. This indicates that, in a single patient, FC values accurately reflect the inflammatory status of the disease. Finally, our main finding is that a random measurement of FC concentration highly correlated with the probability of developing clinically active disease during the following 6 mo. This is in line with previous studies that demonstrated a similar predictive significance of FC concentration [21] [22] [23] . In fact, recent evidence supports the notion that FC may be the most promising biomarker in providing an estimate of upcoming flare risk [24] [25] [26] . In our study, two additional laboratory parameters, CRP and WBC count, were associated with increased probability for relapse in univariate analysis. Nevertheless, among those three, FC performed better and had the most significant difference between patients with sustained clinical remission and those who relapsed within 6 mo of follow-up. Moreover, FC was the only marker that clearly retained its significance to discriminate the two groups of patients in multivariate analysis. The use of FC as an activity biomarker in IBD holds the additional benefit of being specific for intestinal inflammation and not affected by systemic or extraintestinal inflammation, as is the case with CRP or WBC. In fact, other studies have generated conflicting results regarding the value of CRP for this purpose, with some reporting higher CRP levels in IBD patients who relapsed, but the majority showing no such correlation [17, [27] [28] [29] . Taken together, these previous studies as well as our own present results point to the fact that serial FC measurements may be the best way to follow-up IBD patients in remission inasmuch they may help clinicians to adjust their therapeutic and diagnostic approaches in individual cases.
In our patient cohort, we were able to define an optimal cut-off FC value of 261 μg/g, which had a strong predictive value for the discrimination of future relapses vs maintenance of remission. Our proposed cut-off is well within the range of FC concentrations that are suitable for predicting a relapse, according to the recent meta-analysis that was reported by Mao et al [24] . Indeed, our sensitivity and specificity values are comparable to those observed by other groups [25, 29] . Moreover, we show in our cohort that specificity for assessing our study endpoints, may be further improved by additionally testing for CRP in those with FC values over the cut-off. In our study, we chose to focus on a short period (< 6 mo) of follow-up, post-baseline FC testing. This is in line with recent publications that suggest a stronger correlation between high FC values and early (< 12 mo) rather than late relapse [17, 21] . Interestingly, contrary to previous indications that FC may be more useful in predicting relapse in UC than CD [30] and in CD with colon involvement compared to L1 disease [18, 27] , no such significant differences were observed in our cohort. This, however, may be due to the small number of UC and L1 CD patients in our study. A further important finding from our study is the association of elevated baseline FC values with endoscopically evident mucosal inflammation during the 6mo followup. This is of particular significance as recent studies have shown that not only the presence of symptoms but also the persistence of subclinical mucosal inflammation may be associated with adverse outcomes in IBD. Such residual inflammation may occur in the absence of clinical activity, while the patient is considered to be in remission [17] . In fact, absence of mucosal healing was predictive of disease relapse, as well as hospitalization and IBDrelated surgeries [16] . Thus, the potential of FC as a surrogate marker for this endoscopically defined target is intriguing. Early results have showed promising but not conclusive associations [19, 30] . Nevertheless, a recent study by D'Haens et al [20] . Reported that FC levels below 250 μg/g had 94% sensitivity and 62% specificity in predicting mucosal healing in CD patients [20] .
In our analysis, we demonstrated a lower optimal threshold value (174 μg/g) which offered comparable sensitivity and improved specificity for assessing the presence of endoscopic inflammation. Notably, upon further analysis, we were able to detect a subgroup of patients with no clinical activity in whom elevated FC levels were predictive of ongoing endoscopicallyevident inflammation (data not shown). We are currently contacting a prospective study on the importance of FC on the selection of patients in remission who may be in need for reclassification of inflammatory activity via endoscopy. This may lead to timely therapeutic interventions in high-risk groups and ameliorate the risk for long-term complications. Our results also indicate that FC measurements should always be considered in the appropriate clinical context, as cut-off values may vary in different patient populations. In fact, our findings support the notion that a lower threshold for endoscopy may be needed in CD patients with post-surgery surveillance as endoscopic recurrence was associated with considerably lower FC values than in surgery-naïve CD patients with inflammatory lesions (Figure 6 ) [31, 32] . Our study has important limitations. One such drawback is its retrospective nature as data were collected from the patients' files. This may have led to collection bias. Furthermore, the number of study participants was relatively small. This did not allow us to separate patients with UC from those with CD. Nevertheless, similar trends were observed between the two populations regarding the utility of FC measurements. On the other hand, among the strengths of our study were the fact that we recruited a well-characterized patient cohort with adequate followup, and also the considerable percentage of patients who underwent endoscopy, thus allowing us to better estimate the presence of residual inflammation.
In conclusion, we provide evidence for an important role of FC measurement in the prediction of short-term clinical relapse and endoscopic activity in patients with IBD. Further prospective studies with larger number of patients and separation of UC from CD populations are needed to define the exact role of FC in the diagnostic and treatment algorithms in IBD.
ARTICLE HIGHLIGHTS
Research background
Currently, there is increased need for the discovery of simple to perform, noninvasive biomarkers with high correlation to intestinal inflammatory activity in patients with inflammatory bowel disease (IBD). Fecal calprotectin (FC) measurement has shown promise as a candidate marker for this purpose.
Research motivation
Although the value of measuring FC as an indicator for active inflammation is indisputable, the correlation between FC values and future flare of disease activity has not been fully established. Furthermore, uncertainty still exists regarding the optimal cut-off values of FC for this indication and applicability of its measurement in diverse patient groups.
Research objectives
Our principal aim was to study the clinical significance of measuring FC in IBD patients in clinical remission, both as a biomarker for patients stratification according to their risk for relapse, as well as a surrogate marker of endoscopic mucosal healing.
Research methods
We retrospectively analyzed the electronic medical records of all patients 
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with IBD, with a regular follow up at our department and a FC measurement in a 3-year study period. We specifically focused on patients in stable clinical remission and a medium-term follow-up (at least 6-mo). We then compared two groups of patients: those who remained in remission and those who relapsed (according to pre-defined criteria) during the 6-mo follow-up. A secondary aim of our study was to examine whether the measured FC value could predict the presence or absence of mucosal healing (defined as an endoscopic Mayo Score of 0 for UC and absence of significant mucosal lesions in the colon and terminal ileum for CD, respectively). For all study participants, demographic, epidemiologic and clinical data were retrieved from the patient files and entered in an SPSS database.
Research results
The main findings of our analysis are as follows: First, patients who relapsed within 6-mo from FC measurement had significantly higher baseline FC concentrations than those who remained in remission. Second, patients with mucosal abnormalities in endoscopy (i.e. absence of mucosal healing) had significantly higher FC values as compared to patients that demonstrated endoscopic mucosal healing. Third, we were able to define cut-off values for FC concentrations with high sensitivity and specificity for predicting clinical relapse or endoscopical activity in patients with IBD in clinical remission. Fourth, combining FC with CRP measurements further increases the predictive value for short-term clinical flare. Finally, cut-offs may be significantly lower in patients with post-surgical recurrence of CD in comparison to surgery-free patients.
Research conclusions
Our findings clearly indicate that short-term clinical relapse can be predicted with high accuracy by measuring FC concentration in patients with IBD. Consequently, serial FC measurements may prove to be a very useful tool to monitor subclinical inflammatory activity in IBD patients who are in clinical remission. Furthermore, our results show that a high FC value is a surrogate marker of endoscopically active disease. Given the high importance that mucosal healing has gained in recent years for determining disease outcomes in IBD, FC measurements may become a valuable tool for the selection of those patients who need to have an endoscopy while in clinical remission. Subsequently, treatment modifications may be preemptively implemented in such cases, in order to avoid clinical recurrence of symptoms and the systemic consequences of persisting inflammatory activity.
